A field experiment was conducted to examine the residual influence of biochar applied previously to an established experiment at the Agriculture University Research Farm, Peshawar on soil properties and yield of maize crop during summer 2016. The experiment was established in RCB design with split plot arrangements having cropping systems (CS) in main plots and biochar (BC) in sub-plots. Cropping systems were: 1) wheat-mung bean; 2) wheat-maize; 3) chickpea-maize; and 4) chickpea-mung bean. During the past three seasons, each cropping system received biochar at 0, 40, 60 and 80 t•ha −1 along with recommended dose of NPK in each season. For this study, maize was planted after chickpea and wheat in summer 2016. The results showed that grain yield, cobs weight and total N uptake of maize was significantly greater for chickpea-maize than for wheat-maize cropping system. Soil organic C was also significantly higher in soil under chickpea-maize than under wheat-maize cropping system. However, other yield components such as stover yield, harvest index and N concentration in grain and stover of maize and soil properties such as pH, EC and mineral N were non-significantly affected by cropping systems. With respect to residual effect of biochar grain yield of maize and bulk density of soil were maximum for treatment receiving biochar at 40 t•ha −1 whereas cobs weight soil pH and mineral N were highest receiving biochar at 60 t•ha −1
Introduction
Maize (Zea mays L.) is a versatile as well as complete cereal crop proving food for human being and feed for animals as well as different raw materials for industries [1] . After wheat and rice, maize is the 3 rd important cereal crop in Pakistan. In Khyber Pakhtunkhwa, maize is the 2 nd important cereal crop after wheat [2] . The area under maize in Pakistan is 1.1 m ha with a total production of 4.5 million metric tons [3] whereas Khyber Pakhtunkhwa contributes 56 percent to the total area and 63 percent to the total production of maize. The average potential yield of maize is greater than our average national yield. A number of factors are responsible for low production of maize in Pakistan. One of most important limiting factor is soil's low fertility. One way of increasing soil fertility on sustainable basis is the use of biochar.
Biochar is rich in organic carbon and resistant to microbial degradation. Biochar is produced from pyrolysis of different organic wastes. Quality of soil, nutrient cycling and sequestration of carbon through biochar application to agricultural land has received rising consideration. [4] suggested that the application of biochar is very important for the improvement of degraded soil. Application of biochar improves soil physical properties such as bulk density, water holding capacity, permeability, chemical properties such as nutrients availability, cation exchange capacity and retention, and biological properties such as microbial population, microbial biomass and microbial activities, thus ultimately increased crop yield [4] [5] [6] . The net influence of biochar on the physical characteristics of the soil depends on the interaction of the biochar by way of the physico-chemical properties of the soil as well as other determinant factor such as the climatic conditions and appliance of biochar management. [7] noticed the effect of biochar on regulation and production role of the agricultural soil. Positive effects of biochar on the plant-available phosphorus have been reported in other studies [8] [9] . Almost 50% -100% of maize characteristics yield and water use efficiency was improved when use of biochar was enhanced since 15 to 20 t•ha −1 Open Journal of Soil Science [10] . Rate of crop development and uptake of nutrients was higher with increased levels of biochar [6] .
Positive responses of yield and yield parameters of maize to biochar as soil amendment have been obtained/reported and the positive responses were mainly attributed to improvement in saturated hydraulic conductivity of the sandy soil, the same as a result throughout the growing season nutrients availability, moisture content and WUE were increased [9] . Soils amended with biochar resulted in improved in better crop establishment and definitely improved rate of crop development and net incorporation rate, and resulted in high production of corn [10] . By the application of biochar soil microbial life increases and thus enhanced carbon storage in soil thus reduced the used of synthetic fertilizers. [11] found that N losses could be restricted through biochar application because it retains nitrogen, increases cation exchange capacity and reduces nitrous oxide emissions. Increased in cation exchange capacity and soil pH have been noticed by the application of biochar. Application of biochar improved the overall sorption capacity of soils and consequently it may persuade the transport, and fate of dissimilar heavy metals and toxicity in the soil. [5] also reported the increased accessibility of most important plant nutrients due to biochar application. Although positive impact of biochar amendment on soil properties and crops yields has been reported, the information on sustainability of biochar impact is still sparse. This study was therefore undertaken to examine the impact of biochar applied to other crops in previous seasons on current maize and soil properties. Therefore, present study was designed to examine the residual influence of biochar on yield of maize (Zea mays L.) as well as on selected soil properties under different cropping systems with the objective to assess the residual influence of biochar on bulk density, pH, EC, organic C of soil and as well as yield components of maize crop under continuous cereal or cereal-legume cropping systems.
Materials and Methods
Study was carried out to examine the residual influence of biochar on yield of maize and important properties of soil in a rotation experiment involving cereals and legumes. A rotation experiment was established at the research farm of Agriculture University, Peshawar during Rabi season 2014 involving cereal-cereal and cereal-legume cropping systems receiving different levels of biochar. The cropping systems were continuous cereals both in winter and summer (wheat-maize), cereal in winter (wheat) followed by legume (mung bean) in summer legume in winter (chickpea) followed by cereal in summer (maize) and continuous legumes both in summer and winter (chickpea-mung bean). The biochar treatments were 0, 20 and 40 t•ha −1 applied both to cereal and legume in each season as per plan presented in well as potassium were apply at the time of sowing. Weed was controlled manually. Similarly, the crop was irrigated when needed. All other recommended cultural practices should be followed throughout the growing season. Data were analyzed statistically according to [12] and means were compared using LSD test (P ≤ 0.05) using statistical packages statistic 8.1 Agronomic data was recorded for some parameters like plant population, number of cob per plant, cob weight, grain yield, Stover yield and harvest index.
Laboratory Analysis

Soil Bulk Density
The bulk density of soil was determined using core method [13] . In this procedure, pre-weighed soil cores of known dimensions were carefully inserted in each treatment plot at proper water soil conditions. The cores were carefully removed and then transported to lab. After weighing, cores were dried in oven at 105˚C for 24 hr. The cores were then removed from oven and cooled in desecrator and re-weighed to determine weight of dry sample accommodated in the core. The volume of core was taken as volume of the soil and bulk density was calculated using the expression
Mass of soil Vol of soil BD = .
Organic Matter Content
Soil organic matter content was determined using method of [14] . Briefly soil sample (1.0 g) was treated with K 2 Cr 2 O 7 solution (10 ml of 1.0 N) and concentrated sulphuric acid (20 ml). After adding distilled water (200 ml) the suspension was filtered and the filtrate was titrated against ferrous sulphate solution (0.5 N) in the presence of organophneonpthaline as indicator. A blank sample also runs simultaneously.
Determination of Mineral N in Soil
Total mineral N in soil was determined by the steam distillation method of [15] .
In this procedure, twenty g soil samples was taken in shaking bottle as well as 200 ml of 1 M KCl was added to it. The sample was then kept on a horizontal shaker and shaken for 1 hour. After shaking, the sample was then filtered through Whatman-42 filter paper. Then twenty ml extract was distilled with MgO and devarda's alloy to recover both ammonium and nitrate into 5 ml boric acid mixed indicator solution. The distillate was titrated against 0.005 M HCl.
Soil pH and ECe
For determination of soil pH and ECe 10 g soil sample was taken in a conical flask and 50 ml distilled water was added to make soil water suspension of 1:5.
The suspension was shaken for 30 minutes on mechanical shaker and pH of the suspension was measured on pH meter [16] and EC on EC meter (Jenway 4510).
Total Nitrogen
Total N in soil and plant sample was determined using of the Kjeldhal method [17] . In this method, 0.2 g soil or plant finely ground samples were taken in a digestion tube. Then digestion mixture (1.1 g) and concentrated sulfuric acid (3 ml) were added to it and digested at 350˚C on a digestion block till greenish color appeared. The samples were removed from the digestion block and allowed to cool for now and again. The digest was diluted to 100 ml with distilled water. For Open Journal of Soil Science distillation, 20 ml of the digest was taken in a distillation flask together with 4 ml of 40% NaOH and distilled in to boric acid mix indicator solution. The distillate was titrated against 0.005 N HCl.
The total nitrogen in sample was calculated as follows:
( ) ( ) Sample Blank 0.005 0.014 100 100 Total nitrogen % Wt. of soil 20
Total N Uptake in Plant (kg•ha −1 )
Nitrogen concentration in stover and grains was determined and converted to kg N•ha −1 using the stover and grain yields in kg•ha −1
. Total uptake was calculated as follows:
Total N uptake kg ha Total N in grains Total N in stover kg ha
Results and Discussion
Plant Population
The data showed that plant population was not significantly affected by cropping systems (CS), biochar (BC) levels and by their interaction (CS × BC) ( Table 2) .
Although the effect of cropping system was not significant yet maximum number of plants (63,512 ha ) was obtained for chickpea/maize cropping system which was statistically similar to wheat/maize cropping system. Similarly, the differences between the biochar and control treatments were non-significant.
However, the maximum plant numbers of 65,714 ha −1 was noticed with the application of 80 t•ha −1 biochar which was statistically similar to other treatments.
The increase in plant population in biochar treatments suggests the carry over effect of biochar. [18] reported that application of biochar removed all the constrains that limiting the plant growth as well as also enhanced the fertilizers use efficiency as well as hence increased plant biomass. [9] also report that biochar application improved nitrogen availability in soil and transport in plant so more photosynthesis were formed and plant biomass were increased. However, [19] observed that biochar, FYM and mineral nitrogen did not cause any significant variation in maize plant population at harvest although maximum plant population at harvest were recorded in plots where only biochar or biochar plus FYM were applied.
Number of Cobs
Data revealed that number of cobs in maize was significantly affected by cropping system (CS), biochar (BC) levels and by their interaction (Table 2) . Significantly greater numbers of cobs (60446 ha 
Cobs Weight (kg•ha −1 )
The data showed that cobs weight was considerably affected by cropping system, biochar level as well as by their interactive effect ( Table 2 ). The cobs weight of maize was significantly greater for treatment following chickpea than wheat in the preceding period suggesting that the carry over effect of chickpea was more Open Journal of Soil Science . The lowest cobs weight was observed in the control treatment. These results suggested the strong carry over effect of biochar applied previously on the following maize. [20] reported that application of biochar at 5 t•ha −1 plus 100% recommended dose of inorganic fertilizer plus biofertilizers produced the highest cobs weight (310 g) over all other treatments including control.
Grain Yield (kg•ha −1 )
The grain yield of maize as affected by different level of biochar and cropping systems is shown in Table 3 . Our result is also supported by [22] . [23] who reported that appliance of biochar improved the yields of crops due to better 
Stover Yield (kg•ha −1 )
Data revealed that stover yield of maize was not significantly affected by biochar, cropping system or by their interactions (Table 3) . Although the stover yields of maize was not considerably affected by cropping system yet greater stover yield was obtained for treatment having chickpea than wheat in the preceding season.
In case of biochar, no significant affect on stover yield of maize was observed by any of the biochar level applied in the previous season compared with the control. It was however, observed that the maximum stover yield of 11,000 kg•ha −1 was obtained for the treatment receiving biochar at 40 t•ha −1 but this was statistically at par with all other treatments including control. However [20] reported that biochar at 5 t•ha −1 plus 100% recommended dose of inorganic fertilizers along with biofertilizer increased the stover yield of maize.
Harvest Index (%)
The data showed that cropping systems, biochar levels and their interactions (CS × BC) had no significant effect on harvest index of maize (Table 3) 
Nitrogen Concentration in Grain (%)
The data showed that nitrogen concentration in grains was not considerably effected by cropping systems and biochar levels (Table 4) . Although significantly non different, the maximum nitrogen concentration of 1.58% was obtained in the treatment under wheat-maize cropping system which was statistically similar to that under chickpea-maize cropping system (Figure 4 ). The effect of biochar levels was not significant yet the maximum nitrogen concentration of 1.61 % in maize grains was observed with the application of biochar at 60 t•ha −1 which was similar to all other treatments including the control. [28] reported that N concentration in maize grains increased with application of biochar. Alike result have also been reported by [29] . In another study, it was also found that nitrogen concentration was increased with the application of biochar [30] .
Nitrogen Concentration in Stover (%)
The data showing nitrogen concentration in stover of maize as affected by cropping system and biochar levels are presented in Table 4 . The nitrogen concentrations was non-significantly affected by cropping systems yet the maximum Open Journal of Soil Science . furthermore, the differences in N concentration in stover between treatment receiving biochar at 40 or 60 t•ha −1 and control treatments were statistically non-significant (p ≤ 0.05) ( Figure 5 ). Contrary to our results, [28] observed that nitrogen concentration increased with the appliance of biochar at the @20 t•ha −1 . Alike result have also been reported by [29] who found that with the application of biochar nitrogen concentration increased which has the ability to increased nitrogen efficiency of nitrogen used. Open Journal of Soil Science 
Total N Uptake (kg•ha −1 )
Data revealed that nitrogen uptake in maize was considerably affected by cropping systems and biochar levels and by their interaction (Table 4) . Nitrogen uptake in maize was considerably better for treatments following chickpea than wheat in the previous season ( Figure 6 ). These results suggest that chickpea had significant effect on N uptake in the following maize than wheat. Moreover, the N uptake in maize was significantly greater for treatment receiving biochar in the previous season than in the control. It was observed that the maximum N uptake of 187 kg•ha −1 was noticed for treatments having biochar at 80 t•ha −1 followed by 60 and 40 t•ha −1 . While the lowest was observed in the control treatment, the results suggest the carry over effect of biochar applied previously. Our results are supported by [28] who report that appliance of biochar at the @20 t•ha −1 significantly improved nitrogen uptake in maize plant. [29] also demonstrated that nitrogen uptake was significantly increased with the appliance of biochar.
[31] reported that nitrogen uptake was significantly improved in biochar and sewage sludge amended treatments compare to the un amended control treatment.
Soil Organic Carbon (%)
The data showed that soil organic carbon was significantly affected by cropping system and biochar levels ( Table 5 ). The maximum soil organic carbon of 0.91% was noticed in the chickpea-maize cropping system follow by that in the chickpea-mung bean, wheat-maize and wheat-mung bean cropping system respectively. It was observed that soil organic carbon was generally larger for the treatments following chickpea than wheat in the preceding season. The soil organic carbon was also considerably better in the biochar than in the control treatments. The maximum organic carbon of 0.99% was noticed for the . The lowest organic carbon of 0.64% was observed in the control treatment. These results showed the strong carry over effect of biochar receiving in the previous season. [32] observed that the application of biochar considerably increased SOC and N but decrease BD of the soil.
[33] also found that total soluble N, soluble C, available P, sodium, bulk density and exchangeable calcium were considerably improved with the application of 
Bulk Density (g•cm −3 )
The data showed that soil bulk density was considerably affected by cropping systems, biochar level as well as by their interactive effect ( Table 5 The greater bulk density was recorded in the control treatments. These results suggest the strong carry over influence of biochar applied previously on the soil bulk density. [37] reported that rising total organic carbon by the accumulation of organic amendments in soils could extensively drop off bulk density. Moreover, the decrease in bulk density of the biochar-amended soils appears to have also been the result of modification of soil aggregate sizes, as shown by [38] .
Physical properties of soil such as texture, porosity, BD, soil structure and particle size distribution can also be improved with the application of biochar [39] .
Similar result have also been report by [40] as well as [41] who found that bulk density, porosity and water holding capacity were improved with the application of biochar.
Soil Mineral N (ug•g −1 Soil)
The data showed that soil mineral nitrogen was not significantly affected by cropping systems but it was significantly affected with the application of biochar (Table 5 ). The interaction effect was also significant ( applied to the soil [42] . [43] viewed that there is some component in biochar which cause N immobilization.
pH of the Soil
The data showed that soil pH was not significantly affected by cropping systems but it was significantly affected with the application of biochar (Table 6 ). Highest soil pH (7.91) was observed for the treatment having biochar at 60 t•ha −1 . The result were however, inconsistent as no significant differences in soil pH were ). Our results are generally contrary to the published literature. For example, [44] reported that biochar application significantly enhanced pH of the soil. [45] also reported that in highly weathered soil, pH, base saturation and CSC were significantly increased with the application of biochar.
[33] also reported similar results. Open Journal of Soil Science 
Soil ECe (dS•m −1 )
Data showed that soil ECe was non-significantly affected by cropping system, biochar levels and by their interactions (Table 6) . Although significantly non different, the highest soil ECe of 0.149 dS•m −1 was obtained for the treatment following chickpea-maize cropping system which was statistically similar to other treatments following other cropping systems. Similarly, differences in soil ECe between the biochar levels and control treatments were statistically non-significant. However, the highest ECe of 0.141 dS•m −1 was observed with the application of biochar at 60 t•ha −1 which was statistically similar to all other treatments including control. Published literature showed that the ECe of the soil generally increased with the application of biochar due to release of weakly bond nutrients (cations and anions) of biochar into the soil solution, which are accessible for uptake of plant. [43] [46] [47] reported that highest mean values of pH and EC were observed in soils treated with 10 t•ha −1 biochar.
Conclusion and Recommendations
It could be concluded from the results of this study that the chickpea-maize cropping system performed better in terms of improving yield and yield components of maize, and in improving various soil properties. Application of biochar also improved various yield and yield components of maize and soil properties. It is therefore recommended that legumes must be involved in cropping system for sustainable and higher crop productivity and improved soil proper-Open Journal of Soil Science ties. However further studies are suggested to find out suitable dose of biochar for sustainable and economic crop productivity and soil fertility.
